Acute subdural hematoma (ASDH) is one of the leading causes of death in trauma patients and present in 12% to 29% among the patients with severe traumatic brain injury. 3, 12, 30) Surgical treatment of ASDH depends on patient neurologic status which can be evaluated by pupil response, size, Glasgow Coma Scale (GCS) score, and brain computed tomography (CT) scan. Bullock et al.
Introduction
The general surgical procedure for ASDH is craniotomy with removal of hematoma and decompressive craniectomy (DC) if necessary. The decision of the surgical technique depends on individual surgeon's experience in preoperative neurologic status, preoperative CT findings, and intraoperative findings. In some studies, more craniotomies than decompressive craniectomies were performed as a surgical treatment of choice for ASDH. 14, 24) Even though DC has its own complications and requires a subsequent cranioplasty, preemptive DC can provide more effective control of intracranial pressure (ICP) and aggressive brain edema. Some patients who underwent craniotomy for removal of hematoma suffered refractory intracranial hypertension and brain edema, as a result required reoperation with DC.
To avoid reoperation, we investigated predictable values that could indicate DC as a surgical treatment of choice by comparing groups that did and did not require reoperation using DC after craniotomy in ASDH patients.
Materials and Methods
We retrospectively reviewed 155 cases of ASDH surgically managed with craniotomy in our hospital from September 2007 to September 2017. The 26 exclusions were made in patients younger than 16 years old, who underwent bilateral craniotomy, patients with non-traumatic ASDH, and ASDH in the posterior fossa. After exclusion there were 129 patients, and they were sorted into two groups; 24 patients in DC after craniotomy group, 105 patients in only craniotomy group. Among 24 cases in group A, 5 patients who underwent DC due to epidural hematoma, rebleeding of subdural hematoma (SDH) after primary craniotomy were excluded. Finally, 19 patients who needed additional reoperation using DC to control intracranial hypertension and brain edema (group A), and 105 patients who performed primary craniotomy without reoperation (group B) were analyzed.
We hypothesized that patients with underlying conditions inducing bleeding tendency, more severe brain injury, and diffuse intracerebral combined lesions with ASDH would tend to develop more aggressive intracranial hypertension and brain edema. Patients' age, gender, liver cirrhosis, chronic kidney disease, history of medication inducing bleeding tendency, and history of alcohol ingestion were collected through retrospective review of the medical records. The data of neurologic status at the time of the admission (pupil response, GCS scores) were also collected. Preoperative brain CT findings were also reviewed and the length of maximal SDH thickness and midline shifting were measured.
We also calculated the length of midline shifting to maximal SDH thickness ratio (magnetization transfer [MT] ratio) to depict if there is extra mass effect other than ASDH or not. Combined lesions such as traumatic subarachnoid hemorrhage (TSAH), intraventricular hemorrhage (IVH), and traumatic intracerebral hemorrhage (TICH) were also evaluated. TICH is defined as a well-defined appearance hematoma with a diameter greater than 10 mm. 5) Craniotomy was performed based on indications suggested by Bullock et al.
3) All patient's operative records were reviewed to estimate existence of intracranial hypertension, brain edema sign (macroscopic brain bulging, abrupt hematoma drainage after durotomy, grossly invisible brain pulsation), and sign of bleeding tendency (existence of multiple contusion, diffuse oozing without bleeding focus). We defined the prior as operative findings 1, and the later as operative findings 2. Total bleeding amount was also reviewed. DC after craniotomy was performed when patients showed worsening GCS scores or pupil response with worsening midline shifting more than 5 mm in follow-up brain CT. There was higher proportion of men in both group (p 0.308). Demographic data showed no significant difference between two groups. Past medical history with bleeding tendency such as liver cirrhosis, chronic kidney disease, antiplatelet/anticoagulant drugs, and alcohol consumption history (greater than two drinks per day for male, greater than one drink per day for female) was also analyzed, but we could not find significant differences.
Patient's neurologic status at the admission was defined by GCS score and pupil response. Average GCS score was lower in group A (7.05±3.80, p 0.050). We divided patients into two groups by GCS score of 9 as it had been considered as severely injured state in other articles. 3, 30) Group A showed higher proportion of GCS less than 9 (3 8 Table 2 ). These predictable values were analyzed through multivariate logistic regression (Table 3) . MT ratio >1, IVH, and operative findings 1 showed higher ORs with statistical significance than TICH and operative findings 2.
Discussion
Performing DC or craniotomy in ASDH patients has remained an unresolved topic. Several comparative studies between these two operative techniques were conducted. Some preferred craniotomy because DC had shown unfavorable outcome and was considered more invasive with possible severe complications such as rebleeding of contusions, developing of contralateral mass lesion, and external cerebral herniation. 6, 15, 27, 31) On the other hand, other studies preferred DC in selective patients because it would supply more flexible ICP control and provide extra space for edematous brain tissue that was prepared for the refractory intracranial hypertension and further brain edema.
8, 16, 19, 28) Phan et al. 20) meta-analyzed six comparative studies between DC and craniotomy groups, and depicted that DC was associated with worse postoperative outcome. It could be interpreted that these studies were biased to select patients with greater severity who ultimately underwent DC. Therefore, merely comparing these two groups has limitations to provide clues to make a decision on operational technique in ASDH patient. So, we investigated the patients who needed further DC among the patients who had undergone craniotomy.
In consideration of performing craniotomy in patients with ASDH, postoperative progression of brain edema, refractory intracranial hypertension, and additional bleeding risks should be estimated. If there is higher possibility to have these features, preemptive DC would be better alternatives than craniotomy. High initial intraoperative ICP monitoring, age, early hypotension, and combined lesions were identified as independent risk factors of reoperations using DC by Zhao et al. 33) In addition, we identified preoperative brain CT finding of IVH, MT ratio >1, TICH, operative findings 1, 2 as predictable values. Group A showed older average age and higher proportions of age >65 but did not show statistical significance. In the study of Zhao et al. 33) which has a larger sample size in DC after craniotomy group (n 41), it was decided that age is also an independent risk factor for salvage DC. Potts et al. 21) also suggested that age was a predictive value for unfavorable outcome of patients who underwent DC. Cerebral atrophy is more common in elders which creates extra cranial space, therefore possibly more endurable to brain edema and consequent intracranial hypertension. However, Oertel et al. 18) depicted the association of elder's fragile microvascular structure and tendency of developing progressive hemorrhagic injury after head trauma. Degenerated blood brain barrier is more permeable to posttraumatic inflammatory factors and vulnerable to osmotic stress, consequently leading to vasogenic and cytotoxic edema. 9,10) Even though age was not identified as a predictable value in our study, it still could be considered as a possible predictor. Huang et al. 11) used Rotterdam CT score as a prognosticator in DC patients, and patients with higher Rotterdam CT score had worse outcome. Since IVH is part of this scoring system, our results of higher IVH occurrence in group A correlated with postoperative change of these patients. MT ratio and TICH provide information on mass effect other than SDH in ASDH patients. Even though both midline shifting length, and SDH thickness themselves did not show correlation, when it was combined as MT ratio, it showed higher proportion of MT ratio >1 in group A. We got this Macroscopic brain bulging, abrupt hematoma drainage after durotomy, or grossly invisible brain pulsation, † existence of multiple contusion, or diffuse oozing without bleeding focus. OR: odds ratio, CI: confidence interval, MT ratio: magnetization transfer ratio, TICH: traumatic intracerebral hemorrhage, IVH: intraventricular hemorrhage idea from the fact that group A had more frequent intracranial combined lesion which may give extra mass effect in addition to ASDH, consequently inducing brain edema and intracranial hypertension. Other studies also showed significant correlation of TICH, IVH with poorer prognosis of acute traumatic SDH patients. 4, 11, 12, 17, 28) Therefore MT ratio which can describe the existence of additional mass effect was measured as a predictable value. Although craniotomy is sufficient to reduce the elevated ICP by removal of SDH, remaining mass effects by other types of hematoma cannot be solved solely by craniotomy because ICP reduction effect is limited due to bone closure. This will result in sustained increased ICP which cause brain ischemia and compromised brain oxygen, which leads to additional brain edema. 29, 33) Operative findings 1 is the witnessing of this phenomenon. The operative findings 2 is related to bleeding tendency. Although successful bleeding control was done intraoperatively, TICH can be reformed by the negative pressure of cavitated space or solely due to the hemorrhagic progression tendency of TICH. 5) Enlarged hematoma also gives additional mass effect after craniotomy, ultimately increasing the ICP. Therefore, even though it is subsided enough to close the bone flap, if operative findings 1, 2 were combined with predictable values from preoperative CT, it should be carefully considered to leave the bone flap without replacement. Surgeons should be cautious when selecting DC as the primary operation. In some cases decompression creates excessive pressure gradient across the injured capillary and induces subsequent edema aggravation. This was proved by Cooper et al. 7) in their animal models. This was also associated with developing of contralateral mass lesion. 25) Besides drastic pressure change by removal of bone flap impairs autoregulatory capacity which induces hyperemia or oligoemia. 22, 26) They are related to early stage complications of DC like blossoming of contusion, or ischemic damages.
2)
Due to these complications, DC was reserved as a second tier therapy after all possible medical therapeutic modalities were applied, so indiscreet use of preemptive DC should be avoided. 30, 32) Even though preemptive DC has its own limitation and drawback, it would be preferred in selective cases. BorSeng-Shu et al. 1) demonstrated that ICP is effectively decreased and cerebral perfusion pressure is increased significantly after DC. This consequently supplies more oxygen to the damaged tissue which helps to normalize abnormal metabolic parameters, finally promoting the recovery and preventing secondary ischemic insults. 23) The predictable values we identified were related to the postoperative progression of brain edema, refractory intracranial hypertension, and additional bleeding risks. In patients with these values preemptive DC can be carefully considered, so they will make it possible to avoid unnecessary reoperation by using DC. This study has several limitations. This is a retrospective analysis in a single medical center, so selection bias may have occurred. Although we performed both univariate, and multivariate analysis to reinforce the confidentiality of predictable values, due to small sample size, further studies with larger sample size are required such as Randomised Evaluation of Surgery with Craniectomy for patients Undergoing Evacuation of ASDH (RESCUE-ASDH) trial. 13) Operative findings 1, and 2 were defined as predictable values but have subjective components in itself, so additional efforts are needed to uniform the descriptive terms of operative findings to objectificate these values. Despite these limitations, predictable values that we found can be referred to when making a decision as to whether to perform DC or craniotomy in ASDH patients.
Conclusion
MT ratio, IVH, TICH in brain CT image, and intraoperative signs of intracranial hypertension, brain edema (operative findings 1), and bleeding tendency (operative findings 2) can be considered as predictable values for re-operation using salvage DC after craniotomy. Despite the complications that may occur after DC, Preemptive DC can be considered a reasonable option to prepare for postoperative refractory intracranial hypertension and brain edema in patients with these values. 
